Local weather and body condition influence habitat use and movements on land of molting female southern elephant seals (Mirounga leonina) by Chaise, Laureline L. et al.
Ecology and Evolution. 2018;8:6081–6090.	 	 	 | 	6081www.ecolevol.org
 
Received:	18	September	2017  |  Revised:	22	February	2018  |  Accepted:	26	February	2018
DOI: 10.1002/ece3.4049
O R I G I N A L  R E S E A R C H
Local weather and body condition influence habitat use and 
movements on land of molting female southern elephant seals 
(Mirounga leonina)
Laureline L. Chaise1  | Iris Prinet1 | Camille Toscani2 | Susan L. Gallon3 |  























































K E Y W O R D S
body	mass,	GPS	loggers,	habitat	selection,	marine	mammals,	meteorological	conditions,	molt,	
pinnipeds,	population	counts
6082  |     CHAISE Et Al.
1  | INTRODUC TION











Molting	 is	 a	 highly	 energy	 demanding	 phase	 as	 adult	 female	
elephant	 seals	 experience	 on	 average	 a	 mass	 loss	 of	 5	kg/day	
(Boyd,	Arnbom,	&	Fedak,	1993;	Carlini,	Marquez,	Daneri,	&	Poljak,	
1999;	Hindell,	Slip,	&	Burton,	1994).	As	they	are	fasting	on	 land,	





to	 different	 environmental	 constraints	 in	 the	 colony,	 resulting	
in	heat	exchange	with	 their	 surroundings	 (Hind	&	Gurney,	1998;	




promotes	 hair	 growth	 and	 renewal	 of	 the	 epidermis	 (Ashwell-	
Erickson,	Fay,	Elsner,	&	Wartzok,	1986).	This	vasodilation	bypasses	





sion	 of	 the	 skin	 surface	 and	 avoid	 vasoconstriction	 in	 response	
to	environmental	conditions.	However,	physiological	mechanisms	
(such	 as	 vasomotor	 control	 of	 heat	 flow	 across	 the	 skin)	 can	 be	
supported	 by	 behavioral	 strategies	 to	 maintain	 thermal	 equilib-
rium	(Heath,	McGinnis,	&	Alcorn,	1976;	White	&	Odell,	1971).	Any	
energy-	saving	strategy	used	to	minimize	heat	loss	during	molting	







Thermoregulatory	 behaviors	 of	 seals	 while	 hauled-	out	 mostly	
involve	 heat	 dissipation	 (sand	 flipping,	migration	 to/from	 the	 sea)	
in	warm	weather	 in	 temperate	 regions	or	 in	 the	 tropics	 (Hawaiian	
monk	 seal	 Monachus schauinslandi:	 Whittow,	 1987;	 northern	 ele-
phant	seal:	White	&	Odell,	1971;	Codde,	Allen,	Houser,	&	Crocker,	













et	al.,	 1999).	 Boyd	 et	al.	 (1993)	 described	 the	molt	 in	 two	 phases,	
with	 a	 “wallow	 phase”	while	 elephant	 seals	 lose	 their	 old	 fur	 and	




The	 aim	 of	 this	 study	was	 to	 investigate	 how	 the	 behavior	 of	
southern	elephant	 seals	on	 land	may	be	driven	by	molt	 stage,	en-
vironmental	conditions,	and	body	reserves	at	 their	arrival	on	 land.	
Specifically,	we	hypothesize	that	movements	and	habitat	selection	









2  | MATERIAL S AND METHODS
2.1 | Study site
Data	 were	 collected	 during	 the	 molting	 season	 of	 adult	 females	
(Figure	1)	from	end	of	December	to	early	March	(Table	1)	 in	2012,	
2014,	 2015,	 and	 2016	 in	 the	 colony	 of	 Pointe	 Suzanne	 (49°26′S	
70°26′E,	Figure	2a)	of	Kerguelen	Archipelago	(French	Southern	and	
Antarctic	Lands).
The	 site	 is	 composed	 of	 a	 coast	 of	 stones	 (basalt;	Nicolaysen,	
Frey,	Hodges,	Weis,	&	Giret,	 2000),	 sometimes	 covered	with	 sea-
weeds	 (Durvillaea antarctica;	Lawrence,	1986),	overhung	by	hills	of	
grass	 (mainly	endemic	Azorella selago	and	Acaena magellanica,	with	












Figure	2b)	were	 selected	 and	 scanned	daily	 (Table	1).	During	 each	
scan,	 the	total	number	of	adult	 female	elephant	seals	present	was	







included	all	 three	habitats	 (Figure	2b)	 to	count	 the	number	of	ele-
phant	seals	present	daily	on	each	habitat	type	(Table	1)	and	allowed	
the	density	of	female	elephant	seals	to	be	monitored	in	detail	during	















Females	 were	 identified,	 weighed	 (body	 mass;	 HST	 Mini-	
Weigher;	0–1000	kg	±	0.5	kg;	HST	Scales	UK	Ltd,	Milton	Keynes,	
UK),	and	measured	(nose–tail	 length	±	1	cm;	5	m	tape	measure)	at	
capture	 and	 recapture	 to	 calculate	 initial	 (BMIi)	 and	 final	 (BMIf)	
body	mass	index	(BMI	=	body	mass	(kg)/body	length²	(m))	and	body	
mass	loss	(kg/day).	Animals	were	equipped	with	VHF	transmitters	









itat/total	 number	 of	 observations),	 and	 aggregation	 rate	 (number	
of	 observations	 in	 aggregation/total	 number	of	 observations)	 per	
individual.































9	January	to	23	February	2012 30 14 / / / 15 [7] 5.87	±	3.31
23	December	2013	to	3	March	
2014
40 33 16 5 7 26 [11] 5.04	±	2.97
24	December	2014	to	14	January	
2015
11 12 11 8 2 7 [2] 1.29	±	0.49
23	January	to	26	February	2016 18 18 18 5 9 12 [3] 4.5	±	1.57
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We	used	a	frequency	distribution	of	calculated	speeds	to	select	GPS	

















Given	 that	 weather	 data	 comprised	 multiple	 potentially	 colinear	
variables,	 we	 used	 a	 centered-	scale	 principal	 component	 analysis	












index,	 based	 on	 their	 respective	median	 values.	We	 distinguished	
days	 of	 “bad	weather”	 (for	 days	with	 components	 value	<	compo-
nents	median	value;	high	relative	humidity,	low	solar	radiation,	low	
air	temperature,	and	high	wind	speed)	from	days	of	“good	weather”	
(for	 days	 with	 components	 value	>	components	 median	 value;	 
low	relative	humidity,	high	solar	radiation,	high	air	temperature,	and	
low	wind	speed).
To	 examine	 individual	 differences	 in	 distance	 moved	 during	
the	 molt,	 we	 selected	 meteorological	 parameters	 from	 the	 auto-
matic	 weather	 station	 (air	 temperature,	 relative	 humidity,	 wind	
speed,	 solar	 radiation,	 and	 precipitation).	 The	 windchill	 index	
was	 calculated	 from	 the	 following	 equation,	 where	 windchill	




(nonparametric	 Spearman’s	 rank	 correlation:	 r	=	.52,	 S	=	16,614,	
p < .0001),	 and	 solar	 radiation	 was	 negatively	 correlated	 to	 both	
relative	humidity	and	precipitation	(nonparametric	Spearman’s	rank	
correlation:	 r	=	−.50,	 S	=	51,164,	 p < .0001; r	=	−.50,	 S	=	51,477,	
p < .0001).	 To	 analyze	 variation	 in	 individual	 distance	 moved,	 we	
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2.6 | Statistical analysis
Generalized	 linear	 mixed	 models	 (GLMMs)	 were	 used	 to	 analyze	
density	of	elephant	seals	per	habitat	type,	in	relation	to	molt	season	










Results	 were	 expressed	 as	 mean	±	standard	 deviation,	 unless	





3.1 | Density and habitat selection of elephant seals
Counts	of	elephant	seals	in	the	quadrat	Q′	revealed	that	density	was	
on	average	of	968	±	463.0	seals/km²	 (median	 [interquartile	 range]:	
960 [610; 1180]; N	=	45	daily	counts).	Fieldwork	dates,	and	hence,	
Q′	counts	dates,	in	2015,	were	not	concomitant	with	Q′	counts	dates	
in	 2014	 and	 2016	 (Table	1).	Hence,	we	 analyzed	 variation	 in	 den-
sity	with	 time	 in	2015	 separately	 from	other	 years.	 In	2015,	 den-












wallow	 and	 nonwallow	 habitats	 varied	 depending	 on	 the	 season.	
In	 wallows,	 there	 were	 more	 seals	 during	 the	 early	 season	 (esti-
mate	±	SD	=	2.34	±	0.57,	 z	=	4.133,	p	<	.0001)	 and	 during	 the	 peak	
of	 the	 season	 (estimate	±	SD	=	2.53	±	0.34,	 z	=	7.516,	 p < .0001; 
Figure	3)	than	in	the	late	season.	For	nonwallow	habitats,	elephant	
seals	were	 observed	more	 on	 grass	 during	 the	 early	 season	 (esti-
mate	±	SD	=	−5.25	±	1.78,	 z	=	−2.954,	 p = .0003)	 and	 the	 peak	 of	








compared	 to	 wallows	 (nonparametric	 Kolmogorov–Smirnov	 test:	
grass:	D	=	0.59,	p	<	.0001;	beach:	D	=	0.65,	p < .0001).	We	also	found	
a	difference	in	the	distribution	of	seals	with	different	molt	stages	be-






by	weather	and	 the	molt	 season	 (early,	peak,	and	 late).	There	was	
no	 relationship	 between	wallow	 selection	 and	weather	 index	 (es-
timate	±	SD	=	0.03	±	0.58,	 z	=	−0.05,	 p	=	.96).	 In	 contrast,	 nonwal-
low	habitat	 selection	was	 related	 to	weather	 index	 (Figure	5).	The	
model	indicated	that	elephant	seals	were	relatively	more	abundant	
on	grass	during	“good	weather”	days	and	more	abundant	on	beach	
habitat	 during	 “bad	 weather”	 days	 (estimate	±	SD	=	2.00	±	0.94,	
z	=	2.124,	p = .03).	The	model	that	best	explained	nonwallow	habitat	
selection	 retained	weather	 index	and	 the	molt	 season	as	explana-
tory	 variables.	 This	 indicated	 that	 elephant	 seals	 tended	 to	 select	
grass	 over	 beach	 during	 “good	weather”	 days	 in	 the	 early	 season	
(estimate	±	SD	=	2.73	±	1.52,	z	=	1.79,	p = .07).	The	model	estimated	
that	grass	was	selected	in	early	season	(estimate	±	SD	=	3.74	±	1.85,	
z	=	2.03,	 p = .04)	 and	 during	 the	 peak	 of	 the	 season	 (esti-
mate	±	SD	=	3.93	±	1.19,	z	=	3.30,	p = .001)	and	beach	was	selected	
during	the	late	season	with	no	influence	of	weather	(Figure	5).
































that	 travelled	 to	Pointe	Morne	 (49°22′S/70°26′E;	Figure	2a).	They	
made	 this	 return	 trip	 of	 5000	m	 at	 the	 initial	 stage	 (10–40%)	 and	




speed	>	1000	m/h,	 for	 GPS	 locations	 on	 the	 coast)	 accounted	 for	
0.7%	of	all	movements	 (N	=	9	 individuals).	 In	order	 to	compare	 in-
terindividual	distances	per	day	with	environmental	factors	that	took	
place	on	 land,	we	 chose	 to	 take	 into	 account	movements	 on	 land	
only	for	further	analyses.
Distances	 moved	 by	 female	 elephant	 seals	 on	 land	 averaged	
590	±	237.0	m/day	 (range	 362–1406	m/day;	 median	 [interquartile	
range]:	570	 [402;	683]),	and	 there	were	differences	between	 indi-
viduals	 (nonparametric	 Kruskal–Wallis	 rank-	sum	 test:	 χ²	=	58.17,	
df	=	22,	p	=	<	.0001;	Figure	6).
The	 distance	 moved	 by	 females	 on	 land	 was	 found	 to	 be	 re-
lated	to	molt	stage	and	weather.	 Indeed,	distances	moved	per	day	
at	 mid-	stage	 (estimate	±	SD	=	−0.90	±	0.14,	 z	=	−6.63,	 p < .0001)	
or	 final	 stage	 of	 molt	 (estimate	±	SD	=	−1.45	±	0.14,	 z	=	10.10,	
p < .0001)	 were	 lower	 compared	 to	 the	 initial	 stage.	 There	 was	
no	 overall	 effect	 of	 solar	 radiation	 on	 individual	 distances	moved	
(estimate	±	SD	=	0.0002	±	0.0009,	 z	=	0.192,	 p = .85).	 However,	
distance	 moved	 was	 greater	 when	 windchill	 was	 low	 (esti-
mate	±	SD	=	−0.25	±	0.05,	z	=	−5.12,	p	<	.0001).	The	model	that	best	
explained	 variation	 in	 distances	 moved	 during	 the	 molt	 retained	
both	molt	stage	and	meteorological	conditions.	This	 indicated	that	
individual	distances	per	day	increased	when	windchill	was	low,	only	
at	 mid-	stage	 (estimate	±	SD	=	0.12	±	 0.02,	 z	=	 5.53,	 p < .0001)	 or	
final	stage	of	molt	(estimate	±	SD	=	0.20	±	0.03,	z	=	7.95,	p	<	.0001).	
The	model	 also	 showed	 a	 significant	 but	weak	 effect	 of	 solar	 ra-
diation	 on	 distances	 depending	 on	 molt	 stage:	 distances	 per	 day	
at	 the	 final	 stage	 increased	 when	 solar	 radiation	 was	 high	 (esti-
mate	±	SD	=	0.0007	±	0.0003,	z	=	2.55,	p	=	.01).
We	found	no	correlation	between	distance	moved	by	females	
per	 day	with	 body	mass	 loss	 (kg/day)	 during	 the	molt	 (nonpara-
metric	 Spearman’s	 rank	 correlation:	 N	=	19,	 r	=	−.04,	 p = .88).	
Mean	 distances	moved	 tended	 to	 be	 negatively	 correlated	with	
initial	mass	at	capture	but	this	was	nonsignificant	(nonparametric	
Spearman’s	 rank	 correlation:	N	=	22,	 r	=	−.40,	 p = .07).	 However,	
there	 was	 a	 negative	 correlation	 between	 individual	 distances	
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between	 BMIi	 and	 the	 frequency	 of	 use	 of	 grass	 habitats	 (non-
parametric	Spearman’s	rank	correlation:	N	=	41,	r	=	−.45,	p = .003),	
the	 opposite	 effect	 with	 the	 frequency	 of	 beach	 use	 (nonpara-













4.1 | Habitat selection and movements during the 
molt
The	selection	of	wallows	by	females	during	initial	and	mid-	stage	of	






of	 wallows.	 Individuals	 seen	more	 often	 in	 wallows	 shed	 skin/fur	
more	rapidly	each	day.	We	suggest	two	hypotheses	to	explain	the	
apparent	advantage	of	molting	in	wallows.	Firstly,	individuals	would	
have	an	accelerated	 loss	of	old	 skin	 and	hair	 due	 to	 the	mechani-
cal	action	of	body	scratching,	as	elephant	seals	move	against	each	
other	 in	 the	middle	of	aggregations	 (Cruwys	&	Davis,	1995;	Laws,	
1956).	 Secondly,	we	 suggest	 that	wallows	where	 seals	 closely	 ag-
gregate	would	offer	a	favorable	microclimate	when	exposed	to	solar	
radiation.	Indeed,	temperature	measurements	indicate	that	wallows	
are	4.5°C	warmer	 than	 air	 (Chaise	 et	al.,	 in	 preparation)	 .	 This	mi-
croclimate	 in	 a	 cold	 sub-	Antarctic	 climate	 is	 favorable	 to	molting:	








phy	of	 the	colony	 site.	Hence,	 skin	 removal	would	be	 the	primary	
driver	 for	 wallow	 use	 and	 the	 thermal	 advantage	 of	 aggregation	
would	be	a	secondary	consequence	of	this	habitat	selection.
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is	 around	 362–1406	m/day.	 Therefore,	 elephant	 seals	 move	 more	
while	molting	on	land	than	previously	thought	(Boyd	et	al.,	1993;	Laws,	















selection	of	 elephant	 seals	may	be	 linked	 to	haul-	out	 topography.	
Indeed,	Cruwys	and	Davis	(1994)	described	that	only	wallows	which	
offered	 wind	 protection	 were	 selected	 by	 elephant	 seals.	 At	 the	
Pointe	 Suzanne	 study	 site,	 grass	 habitat	 is	 situated	 on	 hills,	 sepa-
rated	from	beach	by	a	few	metres	of	steep	gradient	(cliff).	Therefore,	
beach	 selection	during	 “bad	weather”	 days	may	depend	on	beach	




The	 selection	of	 beach	 in	 late	 season	 at	 the	 final	 stage	of	molt	 is	
likely	due	to	their	imminent	departure	to	sea	(Boyd	et	al.,	1993)	or	a	
need	to	access	sea	water	to	drink	(Redman	et	al.,	2001).
Our	 results	may	 suggest	 that	molting	 elephant	 seals	 increased	
their	movements	 in	 response	 to	 temperature	 sensation	 (i.e.,	wind-
chill),	 in	order	 to	 change	habitat,	 as	different	habitats	 (topography,	
substrate)	 offer	 different	 thermal	 environments	 (Cruwys	 &	 Davis,	
1995;	Twiss	et	al.,	2002),	or	to	 join	an	aggregation	 if	they	were	not	
aggregated	before	(Cruwys	&	Davis,	1994).	Indeed,	we	also	found	a	






















Elephant	 seals	may	 adapt	 their	 behavior	 to	 balance	 their	 ener-
getic	 expenditure	 (skin	 and	 fur	 renewal,	movements	 on	 land,	 ther-
moregulatory	costs),	 resulting	 in	 individual	 strategies.	For	example,	
larger	 females	 have	 relatively	 less	 thermoregulatory	 costs	 than	
smaller	females	(with	a	higher	surface-	area-	to-	volume	ratio;	Schmidt-	
Nielsen,	1997),	but	energy	expenditure	may	be	greater	when	mov-
ing	 (Schmidt-	Nielsen,	 1997).	 During	 the	 molt,	 elephant	 seals	 may	
maximize	energy	 savings	either	by	decreasing	physical	 activity	but	
with	less	chance	of	changing	habitat	to	reduce	heat	loss,	or	decreas-






vironmental	 conditions,	while	 a	 female	with	 a	 lower	BMI	 at	 arrival	
may	move	 from	site	 to	 site	when	environmental	 conditions	deteri-
orate	in	order	to	minimize	cost	of	thermoregulation.	Initial	BMI	was	
also	 inversely	 correlated	 with	 beach	 and	 grass	 habitat	 selection.	
Indeed,	 larger	 females	or	 females	 in	better	condition	 tended	 to	ar-









when	wallows	 are	 emptied,	would	molt	mostly	 on	beach	 sites	 and	
benefit	less	from	optimal	molting	habitat	in	wallows.	These	females	




during	 their	molt	appear	 to	show	greater	variability	 than	previously	
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